Poor spatial access to health care remains a key issue for rural populations worldwide. Whilst geographic information systems (GIS) have enabled the development of more sophisticated access measures, they are yet to be adopted into health policy and workforce planning. This paper provides and tests a new national-level approach to measuring primary health care (PHC) access for rural Australia, suitable for use in macro-level health policy. The new index was constructed using a modified two-step floating catchment area method framework and the smallest available geographic unit. Primary health care spatial access was operationalised using three broad components: availability of PHC (general practitioner) services; proximity of populations to PHC services; and PHC needs of the population. Data used in its measurement were specifically chosen for accuracy, reliability and ongoing availability for small areas. The resultant index reveals spatial disparities of access to PHC across rural Australia. While generally more remote areas experienced poorer access than more populated rural areas, there were numerous exceptions to this generalisation, with some rural areas close to metropolitan areas having very poor access and some increasingly remote areas having relatively good access. This new index provides a geographically-sensitive measure of access, which is readily updateable and enables a fine granulation of access disparities. Such an index can underpin national rural health programmes and policies designed to improve rural workforce recruitment and retention, and, importantly, health service planning and resource allocation decisions designed to improve equity of PHC access.
Introduction
Rural populations of geographically large, developed countries such as Australia, the USA and Canada continue to experience poorer health outcomes than metropolitan populations (AIHW, 2008; Jones et al., 2009; Kulig and Williams, 2011) . A consistent contributor to these health differentials is the poorer spatial access to health care for rural residents, both to primary health care (PHC) services as well as more centralised specialist care (Sibley and Weiner, 2011; Wakerman and Humphreys, 2012) . Geography is widely acknowledged as a critical component of health care access, most notably for dispersed rural and remote populations. Overcoming poor access and significant geographical barriers to PHC services is the key to ensuring that rural and remote residents can use services in a timely manner and thereby improve health outcomes.
Access remains a global concern for health policy makers and health planners, most notably in relation to the equitable provision of PHC services for rural populations (Higgs, 1999) . PHC provides the entry point for most people to the health system and is the most efficient and effective means to reduce health inequities (Starfield, 2006; WHO, 1978) . Moreover, the delivery of PHC is sustainable within small rural and remote populations where most specialist health care is not (Thomas et al., 2014) . Regrettably, rural access problems are most prominent in geographically large countries characterised by sparsely distributed populations and challenging geographical environments, both developed and developing ones (Humphreys and Solarsh, 2008) , where residents experience significant spatial barriers to accessing services. Therefore, identification of access disparities to rural PHC services remains the key focus of rural health service planners and policy makers.
The concept of access to health care is complex and thus difficult to define and measure. The seminal paper by Penchansky and Thomas (1981) defined five components of access: availability; accessibility; affordability; acceptability; and accommodation, with additional components including timeliness and awareness .
These components can be differentiated between spatial and aspatial, whilst specific barriers to access have both service-level and consumerlevel aspects. Ideally, access scores represent the fit between health service and population aspects over one or more components (Levesque et al., 2013; Russell et al., 2013) .
Rural health policies continue to utilise simple access measures, notably using either generic classifications of rurality or remoteness or regional-level provider-to-population (PPR) measures (McGrail and Humphreys, 2009b; Ricketts et al., 2007) . Furthermore, three approaches dominate the wider measurement of spatial accessibility. Firstly, travel impedance to the nearest service is a simple measure but ignores bypassing (where more distant services are utilised -common in PHC utilisation) as well as demand on limited services. Secondly, gravity models account for diminishing attractiveness with increased distance, and demand from the population for limited services (Guagliardo, 2004; Luo and Wang, 2003) , but its decay function is questionable and difficult to define. Thirdly, PPRs account for demand and provide an easily understood and comparable access score (WHO, 2013) ; however PPRs are limited to pre-defined regions, where it is incorrectly assumed that no utilisation occurs across different regions and further assumed that distance remains a negligible barrier within regions (McGrail, 2012) .
Over the past decade, the two-step floating catchment area (2SFCA) method has grown in prominence as the preferred measure of spatial access to PHC (Luo and Qi, 2009; Luo and Wang, 2003; McGrail and Humphreys, 2009c; Wan et al., 2012) . Using more sophisticated geographic information systems (GIS) methodologies, its key design feature consists of overlapping catchments of both service provision and resident utilisation, with such catchments able to better match the unrestricted nature of open market primary level health care systems. Its design is particularly suited to applications in rural areas, though the choice of catchment size(s) becomes more problematic as the variation of population density increases (McGrail and Humphreys, 2014) . Availability, relative to demand, and distance between services and residents are the main components of the 2SFCA method.
The 2SFCA method brings together elements of both PPRs and gravity models. The significant advancements of the 2SFCA method are twofold: its use of catchments centred on actual population and service locations; and its ability to integrate distance-decay functions defined to match healthcare utilisation behaviour (McGrail, 2012) . Notably, the 2SFCA method is only limited by the resolution of the data inputs, which enable small area discrimination of results, and eliminates any concerns about using pre-defined regions (Bullen et al., 1996) .
The 2SFCA methodology has received numerous strong commendations for its potential usage in health service planning from developed countries (Luo and Whippo, 2012; McGrail and Humphreys, 2009a; Wan et al., 2012; Wang and Luo, 2005 ) and has recently been tested in developing countries (Hu et al., 2013; Ranga and Panda, 2014) . However, the value and validity of the 2SFCA as a method appropriate for the state/province level or national level, access measurement and resulting applications in rural health planning and policy remains unanswered. This paper utilises a modified 2SFCA method to provide and test a new national-level approach to measuring PHC access for rural Australia, hereafter referred to as the Index of Access.
Materials and Methods
An overview of the 2SFCA method used for this study, including equations used in its calculation, is provided in Figure 1 . Within Step 1, the 2SFCA method calculates potential demand for a service by identifying all population locations within a fixed radius (up to a maximum time or distance, dmax) and aggregating demand from those residents. Similarly, Step 2 identifies all service locations that fall within a fixed radius (up to a maximum time or distance, dmax) from each population location, and aggregates Step 1 scores to calculate an overall access score for each population location, in the same form as PPRs. Key advantages of this method include: i) enabling a superior measure of rural access to PHC that incorporates three critical health service utilisation components (availability, proximity, health needs); ii) providing a dynamic and timely measure of access to PHC that can be regularly updated using readily available data; and iii) providing a more sensitive measure of access to PHC based on utilising small-scale rural geographical data.
The study area was all of rural and remote Australia. Despite its landmass of 7.7 million km 2 , Australia is a highly urbanised country with around 70% of its 23 million residents located in large and mostly coastal metropolitan cities, which cover only 0.2% of its land. The remaining 30% (7 million) residents are highly dispersed, with 28% of residents considered rural and a little over 2% considered remote, residing within 13.4 and 86.4% of Australia's land mass, respectively.
For such a large country with vast differences in population density, the use of a single catchment size for all populations in the 2SFCA method is problematic (Luo and Whippo, 2012; McGrail, 2012; McGrail and Humphreys, 2014) . It is recognised that residents in more sparsely-populated areas are prepared to travel further to access healthcare than in densely-populated regions (Buzza et al., 2011; McGrail et al., 2015; Tanser et al., 2006) paredness to travel increase markedly, in tandem, in more sparsely settled areas. The defined (maximum) catchment sizes, measured as the travel time between residents and services, were 30 minutes in metropolitan areas, 45 minutes in rural areas, expanding to 70 minutes, 120 minutes and 200 minutes in the three more remote catchment areas. Additionally, a smoothing function was used to avoid sudden catchment size changes at the borders of each remoteness level (McGrail and Humphreys, 2014) , and a capping function was used to avoid large metropolitan populations inappropriately modelled as overloading nearby small rural fringe services (McGrail and Humphreys, 2009c) . Data used to construct the national Index of Access were collected from several sources, with data relating to service availability collected from two sources. First, the volume of general practitioner (GP) services, (measured using fulltime equivalent counts) at each rural community was collected for July 2011-June 2012 from the Australian Government's Medicare Benefits Schedule. Because it relates essentially to service billing, this dataset is highly accurate and up-to-date, and contains close to 100% coverage of GP encounters. Rural communities were defined by the geography of the ABS's Urban Centres and Localities. Secondly, metropolitan GP service counts by postcode were collected from the Australasian Medical Publishing Company as of April 2012. Although metropolitan access was not the focus of this study, these data enable the 2SFCA method to capture metropolitan fringe activity, thereby allowing calculation without gaps in a national-scale measure of access.
Thirdly, resident locations, population size and surrogate variables for health needs were collected from the ABS's 2011 census data. These data were aggregated at the Statistical Area level 1 (SA1) in rural areas (average 400 residents per SA1) and at the SA2 level in metropolitan areas (average 10,000 residents per SA2). Chosen components and weightings for primary health needs were based on earlier measures shown empirically to provide valid approximations (Field, 2000; McGrail and Humphreys, 2009c) . A composite health needs measure was calculated by aggregating three key components: i) 50% weighting to socio-economic status using the Index of Relative Socio-economic Disadvantage (ABS, 2013) ; ii) 25% weighting to indigenous population % counts; and iii) 25% weighting to the per cent population either very young (0-4) or old (65+). All data for the three health needs components came from the ABS's 2011 census. Communities with below average health needs (that is, they are relatively healthy) were giving a weighting of 100% (no change), whilst the maximum weighting applied to the highest need community was about 150%. Approximately 10% of rural communities had a weighting above 130%, a further 28% with a weighting of 120-130%, 37% with a weighting of 110-120% and 25% with a weighting of 100-110%.
The fourth data component was the national road network, supplied by MapData Services Australia. Using ArcView 9.2 (ESRI, Redlands, CA, USA), the Closest Facility tool of the Network Analysis module was used to determine network routes and calculate proximity between population locations and service locations. Travel time was used as the measure of impedance by combining road section lengths and approximate travel speeds. With the exception of the island state of Tasmania, all other islands were removed from access calculations.
All four datasets were imported into Microsoft Access 2010 to complete the 2SFCA method calculations as per the Step 1 and Step 2 equations in Figure 1 . The number of services (full-time equivalent) per rural community or metropolitan postcode defined Sj whilst the resident population size per rural (SA1) or metropolitan (SA2) region defined Pk. Distance-decay functions, f(djk) and f(dij), were defined using a continuous function with no decay applied in the first 10 minutes, full decay beyond the catchment boundary and ((dmax-d)/(dmax-10))^1.5 for proximity=d otherwise, whilst maximum catchment sizes, dmax, were defined as per the five remoteness levels described above. Lastly, the Health Needs weighting was applied in Step 1 by multiplying it to the population size, Pk to model increased demand on available services Sj. In combination, these steps define the Index of Access scores for each rural SA1 in Australia. All index scores were calculated for the SA1 geography, and collapsed into five categories for ease of use. Note that final decisions on the number of groups and the group cut-off points are somewhat arbitrary and often best decided by the purpose of the end-user. Whilst access scores are in the form of PPRs (for example, 0.0008 equals a ratio of 1 provider to 1250 residents), these have been adjusted by distance-decay functions in both Steps 1 and 2 and health needs in Step 2 of the 2SFCA method. Thus, they should not be directly compared to other reports using crude PPR methods.
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Results
The national-scale map of access to PHC in Australia is displayed as a choropleth map in Figure 2 and summarised in Table 1 . Figure 2 clearly shows that access was very poor across large portions of nonmetropolitan Australia, particularly in more remote (central) areas, which are characterised by the presence of few residents and extremely low population densities. However, as can be seen at the national level, access to PHC is far from equal across rural Australia. Whilst there is a general trend towards better access in rural areas more proximate to the large metropolitan populations and worse access in remote areas, this pattern is not always consistent. Table 1 reveals, using the ASGS-RA classification, that 50-85% of residents in the two remote categories experience access in the lowest two categories, whilst the corresponding values for the two regional (rural, but not remote) categories are 25-34%. These trends match the expected direction, but they also demonstrate a large level of variation in access within each remoteness category. Similarly, there are many rural areas exhibiting very poor access (<0.0002) just as there are several remote areas exhibiting good access (>0.0006).
In order to better visualise the improved geographic sensitivity of this new measure, Figure 3 displays results for one state (the most populous one) within the national application of the Index of Access. It reveals, in finer detail than Figure 2 , variations of PHC access in rural New South Wales (NSW). At this meso-level analysis, it is clear that access varies significantly between different parts of the state as well as within smaller sub-regions. The key strength of using data inputs at the finest available geographic resolution is that access scores can be differentiated at a much finer geographical scale than previously possible. Table 1 further summarises access scores for four states within Australia, including NSW. Interestingly, there is no significant variation between states in the range of access scores seen within each remoteness level. For example, within the inner regional areas of NSW, Queensland, Victoria and Western Australia, the distribution of access scores are similar, though Western Australia (Australia's largest state) does trend towards having more residents with poor access. One notable feature of Table 1 , not apparent in Figure 2 , is the greater number of NSW outer regional residents having poor access (50% <0.0004 compared to 34% nationally).
Another significant advantage of this new index is its ability to differentiate sensitively in relation to the notion of service shortage. Currently in Australia, District of Workforce Shortage (DWS) regions use the same Medicare Benefits Schedule data but are designated using only crude PPR methods to identify areas of poor (defined as below average) access, with strong similarities to the Health Professional Shortage Area designations in USA (Luo and Qi, 2009; Ricketts et al., 2007) . The DWS measure is a binary outcome only. Problems associated with using this simplistic approach to measuring access (McGrail et al., 2011) are further emphasised when compared with the Index of Access scores. Table 2 highlights the weakness of using DWS status by comparing results against the finer discrimination enabled by the Index of Access. Tested on a stratified random sample of 135 rural and remote towns, it can be seen that most DWS status towns has a lower average access score. However, Table 2 also shows that there exist many rural towns with seemingly incorrect DWS status. Use of the Index of Access identifies a significant proportion of towns characterised by low access that are not categorised as DWS status, as well as many towns characterised by good access that are categorised as DWS status.
Discussion
The purpose of any geographical classification is to ensure that populations sharing similar characteristics fall within the same category.
Article [Geospatial Health 2015; 10:358] [page 141] Development of this new Index of Access was done with the aim to better achieve the statistical goal of minimising within-group variation [where each category is relatively homogeneous with respect to the factor(s) of interest] and maximising between-group variation. Through aggregating the three critical components stated (availability, proximity and health needs), the national Index of Access provides an improved measure of spatial accessibility for identifying areas with access disparities and a potential workforce-planning tool. Spatial access to health services remains the key disadvantage for many rural communities, and this study provides a new approach to identifying access disparities, which is suitable for macro-level analysis. For too long, governments and health service planners have relied upon the use of inadequate access measures. Two design components ensure that the Index of Access is underpinned by an appropriate measure of potential demand (utilisation). First, the 2SFCA method defines service and population catchments, which are centred on the actual service and residential locations. In addition, these catchments are sized relative to the local geography, with more remote areas having larger catchments. Second, demand is measured not just by the population size, but is also weighted according to health need within its measurement. Whilst measures of deprivation by themselves have been investigated as predictors of health care access (Butler et al., 2013) , the Index of Access provides a composite measure of access that accounts for health need within its measurement.
Many current rural health policies in Australia are linked solely to the concept of geographical remoteness (Mason, 2013) , such that communities located most remotely from large populations receive the greatest support and the least remote locations receive proportionately less support. In this case, remoteness reflects the geographical separation from large metropolitan areas and other regional centres. Whilst access is often associated with geographical remoteness (Table 1 ) the use of a specific measure such as the Index of Access highlights one of its key advantages to better identify spatial disparities of access within and between regions, which can exist in all parts of non-metropolitan Australia irrespective of rurality or remoteness designation.
A number of limitations characterise this study. The authors recognise that the concept of access is much more complex than the three components of availability, proximity and health needs. However, in the absence of data at a suitable geographic scale, inclusion of additional measures was not possible, and it remains unclear what difference other components may contribute to access measurement. For example, acceptability often constitutes an important consideration for some sub-groups of the population, such as females wishing to see a female GP or Indigenous people wanting to see an Aboriginal Health Worker (AIHW, 2014; Ward et al., 2015) . However, without suitable national data, it remains unclear how these preferences influence PHC-seeking behaviour, and it is not yet possible to model them within a nationalscale geographical classification. Moreover, applications to other jurisdictions may require additional components, such as affordability where universal access is unavailable or mobility/transportation where car usage is less common.
This study used the best available (albeit limited) empirical research to guide health seeking behaviour amongst rural populations . Whilst access to health care is widely researched, very few studies attempt to rank the importance of the various components of access. Although this research employed the results of one small substudy of five different rural populations to guide decisions relating to catchment sizes in more sparsely populated areas (McGrail and Humphreys, 2014; Ward et al., 2015) , more comprehensive evidence is required particularly in relation to the most remote geographical areas. Also, despite using the smallest available spatial scale, a finer geographic resolution may be needed for very sparsely populated remote areas than currently exists.
Measurement of spatial access was limited to GPs, the only reliable dataset available at the national level. Nonetheless, the methodology underpinning the Index of Access reported here is equally appropriate for other PHC services, such as dentists, pharmacists and most allied health services. Moreover, this study has only utilised the road network, with an underlying assumption that residents mostly use a vehicle to travel to health services. This approach cannot measure access in remote islands where services are often only reachable by air or sea. Additionally, this study has not accounted for seasonal changes to road conditions, particularly in the northern areas of Australia, where roads are often impassable during wet season. It is also recognised this method is less applicable to countries with higher proportions of travel to healthcare independent of motor vehicles or travel routes outside of the road network.
Conclusions
The Index of Access provides a unique and significantly-improved contribution to guide rural health service and workforce planning in the provision of PHC services. With governments striving to improve equity of access to primary health care and knowing that rural populations have long had poorer access, this new access measure enables much improved identification and finer resolution of spatial disparities and specific areas characterised by poor access.
The Index of Access has many potential applications in macro-level health policy and planning. Firstly, identification of poor access areas can be used to better target workforce recruitment and retention programmes. Secondly, accurate access scores can provide more specific location information to local service planners in relation to where to target workforce incentives and support. Thirdly, workforce planners can evaluate the effect of changes in service provision on patient access, helping to assess both risks and benefits of workforce programmes as well as a better basis for evaluating the effectiveness of their policies. This new national-scale Index of Access provides a timely solution to the identification of areas of low or high access for use by planners and policy makers in support of equity of access. 
